Knowledge and practice of medicinal plant use is embedded in the Maasai culture. However, it is not known how that knowledge and practices are acquired by children and transferred across generations. We assessed children's knowledge of medicinal plants and their uses, methods of knowledge acquisition and transfer, and how that process is influenced by demographic attributes such as gender, level of education, and age. We interviewed 80 children who were 6-17 years old. Mann-Whitney U, Kruskal-Wallis tests and Spearman Rank order correlation were performed to determine the influence of gender, level of education, and age when they are in the process of acquiring ethnomedicinal plant knowledge. The Maasai children acquired knowledge of medicinal plants progressively with their age. Ethnomedicinal knowledge was not influenced by gender or level of education. The children were introduced to the knowledge of local medicinal plants and their use at an average age of seven years and the knowledge was transferred indiscriminately to both girls and boys. This study aids in the protection and conservation of medicinal plant knowledge by encouraging the sustainability of the local cultural heritage.
Introduction
Medicinal plants have been used for generations as a source of inexpensive but effective remedies to treat various ailments [1] . Use of medicinal plants among the Maasai has surely been practiced for centuries and forms an important part of their culture, pride, and traditions, but the scientific documentation of Maasai medicinal plant use can only be traced back to the beginning of the last century [2, 3] . The local knowledge related to their medicinal plants may not be sustainable and faces serious threats from acculturation and western world views [4] . This makes it vitally important to understand how traditional knowledge of medicinal plant use is transmitted to the younger generations in order to safeguard this wisdom against erosion and possible loss.
Children are the foundation for societies and they possess knowledge of their local environment, often acquired before they are 12 years old [5, 6] . Local environmental knowledge has been passed on from one generation to the next since recorded time. Traditional knowledge is transmitted between generations through three major pathways; vertical transmission from parents to children, horizontal transmission between two individuals of the same generation, and oblique transmission from non-parental individuals [7] [8] [9] [10] .
Although traditional knowledge is a much broader concept, we here focus on ethnomedicinal knowledge about identification and uses of medicinal plants used in the treatment of human-related disorders, plant parts used, and preparation methods.
Local environmental knowledge, in general, is influenced by several factors including education, age, and gender [11, 12] . Understanding the influence of education on ethnomedicinal plant knowledge is important, not least because the Maasai community has begun to embrace formal education by enrolling children in schools close to, or in some cases away from, their villages. It stands to reason that there is less knowledge passed through cultural lines when the children increasingly learn away from home. Age and gender are important parameters among the Maasai children because they engage in household activities early in life and because tasks are divided along gender lines. Boys are taught skills related to herding of cattle, while girls are taught various tasks related to domestic activities, including cooking, collecting firewood, and fetching water. As a result, children acquire environmental knowledge of their surroundings from interactions with nature. Traditional local knowledge is taught orally through experiential participation, observation, and storytelling, mostly by older members of the community [13] .
Traditional knowledge may be declining due to factors such as introduction of western medicine, formal education, urbanization, and land degradation, among others [14] [15] [16] [17] . The loss of medicinal plants and the associated knowledge will have negative impacts on communities such as the Maasai, who depend on traditional medicine for their well-being. In order to conserve and preserve this knowledge for posterity, research that targets children is needed.
The majority of ethnobotanical studies have concentrated on documenting ethnomedicinal knowledge from the adult's perspective [18] [19] [20] . There is a general lack of knowledge concerning medicinal plants known to children and how children acquire this knowledge and along which channels the knowledge is transmitted [18, [21] [22] [23] . The same is true for the Maasai community, where no research has been conducted to document children's ethnomedicinal knowledge, and the factors that influence it.
In the Maasai community, children are an important component of the family and they participate in daily activities in their homes as directed by their parents [24] . The Maasai's traditional pastoral way of life gives children the chance to learn basic activities early in life, which gives them an opportunity to familiarize themselves with their surrounding environment. Children as young as five years are assigned duties such as looking after newborn livestock around the homestead under the watch of older children or adults [24] . By the age of ten years, children have acquired enough skills to be entrusted with herding sheep, goats, or cattle further away from the homesteads [25] .
Although there are a number of studies on the Maasai pastoral ways of knowing and managing natural resources [26] [27] [28] [29] , local knowledge of plants, and conservation strategies [30] [31] [32] , there has, to our knowledge, not been any research conducted to document children's ethnomedicinal knowledge, and how that knowledge is acquired and transmitted among the Maasai children. There is an incomplete picture of how this important knowledge, entrenched in the Maasai culture, flows from one generation to another. Documentation of this important cultural resource can contribute to our understanding of children's ethnomedicinal knowledge in pastoral societies and the dynamics that affects that knowledge.
The objectives of this study were to identify and document medicinal plants commonly known by Maasai children, the mode of knowledge transmission, and how ethnomedicinal knowledge varies according to gender, level of education, and age. In this context, we specifically ask the following questions:
1.
Which medicinal plants are commonly known by children and to which use categories do the plants belong?
2.
At what age is the medicinal plant knowledge introduced to children? 3.
From whom do the children learn and through what mechanism? 4.
Do gender, level of education, and age influence the local knowledge of the medicinal system?
We hypothesized that:
1.
Gender will influence the Maasai children's knowledge of medicinal plants.
The informant's level of education will have an influence on knowledge of the medicinal system.
3.
Age will have a significant influence on ethnomedicinal knowledge.
Materials and Methods

Study Area
The study was done in Entasekera village in Loita, southern Kenya ( Figure 1 ). The subcounty covers 1676 km 2 and is home to 25,000 people known as the Loita Maasai or the Iloitai. Loita borders the Ngurumani-Magadi escarpment to the East and the United Republic of Tanzania to the South. The natural vegetation in the area includes grassland, wooded grassland, thickets, bush land, dry upland forest, and disturbed forest edges [31] . The climate is predominantly semiarid with a mean annual rainfall of 600-2000 mm and temperature that ranges from 17 to 20 • C in the wooded and forested areas and 20 to 22 • C in the open rangelands. The Naimina Enkiyio forest covers some 300 km 2 and provides important ecosystem services to the local community as it meets many of their health, spiritual, cultural, and material needs [31] , especially wood, foliage, and wild honey. In the context of this study, the forest is an important source of medicinal plants used in the treatment of human ailments and livestock diseases, not only in Loita but also beyond. The Loita Maasai are agro-pastoralist who rear cattle and practice small-scale agriculture, growing maize and beans. The local community has in the recent past adopted semipermanent settlement. This implies that their dependence on the existing woodlands and forests for medicinal plants, wood fuel, and livestock grazing has increased considerably. Most adult men and women lack formal education, though their children have increasingly enrolled for primary and secondary education, and a few have proceeded to undertake college and university education. 
Research Permits
Permission to carry out this study was obtained from Kenya's National Commission for Science, Technology and Innovation (NACOSTI) Permit Number NACOSTI/18/54615/26671. The permit was issued through the Maasai Mara Science Development Initiative. We also received permission to collect data from the local administrators. The parents or guardians of the children in the households selected to participate in the study were made aware of the purpose of the study, and consent for their children's participation was granted.
Data Collection
Field work was conducted from July to October 2018. A total of 80 children, comprising 31 girls and 49 boys drawn from 45 households, were interviewed. The children were 6-17 years old. The choice of age bracket was guided by the Kenyan constitution, which describes a child as a person below the age of 18 years. Purposive sampling based on age was used while maintaining gender balance as much as possible. Conversations and explanations about the project and its activities at the site were made in local Maa language (mother tongue of first author) where necessary.
Initial data collection involved the compilation of a medicinal plant inventory (Table 1) , which was subsequently used to document children's ethnomedicinal plant knowledge. The compilation of the inventory involved walks within and around the village with three local medicinal plant experts drawn from the village. Local names and vouchers of all medicinal plants around the village were collected in duplicate. One batch was shown to the children-one specimen at a time-and in the same order to document children's knowledge of the common medicinal plant found within and around the village. The other duplicate of the voucher specimens was identified to its scientific name by a taxonomist, and deposited for curation at the University of Nairobi Herbarium.
The interview questions used for assessing the 80 children's knowledge of medicinal plants in the 45 households were divided into two sections. Section A collected information on social demographic traits of the children, including name, age, gender, and level of education. This was followed by questions about transmission channels of medicinal plant knowledge, that is, who taught them about the plants they knew, and at what age were they taught.
Section B gathered information on the knowledge of the medicinal plants found within and around the village, based on the plant inventory. Each child was shown a fresh sample of a medicinal plant one at a time, and asked if they knew the plant. If they said yes, they were asked for its vernacular name, the human health conditions that the plant was used to treat, as well as the plant parts used and the preparation methods.
From the plant inventory of the 20 medicinal species collected from within and around the village, the three local medicinal plant experts identified seven medicinal species (marked with double asterisk), which were not only found within and around the village, but also were the most commonly used for medication in the village ( Table 1 ). The seven species were used to measure children's knowledge of the commonly used medicinal species based on their age, gender, and level of education.
For each of the seven species the informant could earn a total score of two: one for correct identification of the plant specimen presented and another one for correct use mentioned. The responses given were validated by the three local medicinal plant experts. If an informant gave the correct identification of the species but a wrong response for use, a score of one was awarded for correct identification and a zero for wrong use. The informants who could not correctly identify and give correct use of the plant specimen were awarded zero score (i.e., 0/0). The maximum score for each child whose knowledge was evaluated was 14 points (7/7). Individual total scores for all the plant species were calculated and the data used for analysis to test whether or not gender, level of education, and age had an influence on the local knowledge of the medicinal system. 
Data Analysis
Data were entered into a Microsoft Excel spreadsheet. Each plant was identified by its local and scientific name according to The Plant List website (www.theplantlist.org). Each use report was assigned to a use category following WHO's International Classification of Primary Care (ICPC) [33] .
To determine the species that are known to children, we calculated the percentage Relative Frequency of Citation (RFC) for each of the twenty species shown [34, 35] . Where FC is the frequency of citation of a species and N is the total number of informants participating in the study.
Statistical Analysis
Statistical analysis of knowledge scores was performed in the Statistical Package for Social Sciences (SPSS) to test for the influence of gender, level of education, and age on ethnomedicinal knowledge. The Mann-Whitney U test was used to determine gender-related differences in knowledge of medicinal plants. The Kruskal-Wallis test was performed to determine whether or not there were differences in knowledge scores across children in various levels of education. Spearman Rank order correlation was used to test the relationship between informant's age and ethnomedicinal knowledge.
Results
Children's Knowledge of Medicinal Plants
Among the 80 children aged 6-17 years, eight medicinal plant species were known by half of the children interviewed ( Figure 2 ). Together, the 31 girls were able to identify all the 20 plant species presented to them, while the 49 boys were able to identify 19 of the 20 species (Figure 2 ). The total of 387 use reports obtained from the children in the study area belonged to ten use categories ( Figure 3) as defined in the International Classification of Primary Care (ICPC) system [33] .
The uses known by the children were mostly in the categories of gastrointestinal disorders, and respiratory-and musculoskeletal-system-related conditions. The use of medicinal plants to treat diseases, such as malaria, blood disorders, and fever, had the fewest use reports. 
Plant Parts and Preparations
Besides the identification of medicinal plants and their uses, children also knew the plant parts used to extract the active ingredients needed for treatment of body conditions and diseases. The most common plant parts known to be used to extract the medicine were the bark with 168 use reports (43%), closely followed by roots (166 use reports; 43%), leaves (26 use reports; 7%), and fruits (17 use reports; 4%). Most of the children were not familiar with the use of multiple plant parts to extract the medicine and this category had only 11 use reports (3%). Similarly, the use of stems of woody plants to extract medicine had the fewest use reports (7; 2%) mentioned by the children.
The children knew a variety of methods for preparing the desired medicines. The common methods mentioned were decoction (309 use reports; 80%), maceration (40 use reports; 10%), and eating of the raw plant part without any preparation (23 use reports; 6%). The children had limited knowledge of mixing different parts (7 use reports; 2%) from the same medicinal plant species to extract a desired medicine. Similarly, crushing (4 use reports; 1%) of plant parts to prepare them for drug extraction was not widely known by the children in the study area.
Sources of Medicinal Knowledge, Teaching Age, and Methods
Adult men and women among the Loita Maasai made deliberate efforts to teach their children about medicinal plants and their significance. On average, children were introduced to medicinal plants and their uses when they attain an average age of seven years. By the time children attained an average age of seven years, they had acquired the knowledge of five medicinal species on average (Figure 4) .
The children interviewed in Loita drew their knowledge of medicinal plants from a variety of sources. Parents were the primary source of ethnomedicinal knowledge, with 88% of the informants reporting to have acquired their knowledge largely from vertical transmission. The other sources of medicinal plant knowledge were close relatives (6%), the children's friends from around the village and in the neighboring villages (5%), and neighbors (1%), which all represent oblique transfer.
The main mode of teaching was through experiential participation (53% of all informants), where children accompanied their parents during the collection and preparation of the required medicine. Children were also taught orally (35%) about medicinal plants by adults, and made their own observations or investigations (12%). The children also learned about medicinal plants from storytelling, as mentioned by 0.7% of the children interviewed. 
Gender, Education Level, and Age
The children of the Loita Maasai had a wide range of opportunities to learn about medicinal plants while performing their different chores in the households. There was no significant difference between boys and girls in their ethnomedicinal plant knowledge (Mann-Whitney U, Z value = −1.53, P = 0.13). Knowledge of medicinal plants and their uses did not differ significantly across the education levels of the children in the study area (Kruskal-Wallis X 2 = 1.23, p = 0.54). However, knowledge of medicinal plants increased significantly with the age of the children (Spearman Rank Correlation Coefficient, rho = 0.490, p < 0.000).
Discussion
Commonly Known Medicinal Plants and Use Categories
Medicinal plants are used all over the world to alleviate human suffering and they contribute to the global health and well-being of millions of people.
Ethnomedicinal knowledge is still effectively transmitted to the younger Maasai generation. The Loita children knew many medicinal plants in and around their village. Of the 20 medicinal species shown to children, eight were known by more than half of the children even if no child was able to correctly identify all the 20 plants they were shown. The parents knew all the 20 species and their uses, further confirming that the parents are the main transmitters of ethnomedicinal knowledge.
The Maasai of Sekenani, Maasai Mara in Narok County, and Kuku group ranch in Kajiado County were reported to use 39 and 41 medicinal species, respectively [15, 27] , to treat various human health conditions, confirming the reliance of medicinal plants for health care needs in the Maasai community of Kenya.
The Maasai people use medicinal plants to treat human and livestock diseases [36] . Some medicinal plants are used in the treatment of both human and livestock diseases. For example, the Ilkisonko Maasai use 18 medicinal species for treatment of livestock diseases [36] . Out of the 18 ethnoveterinary medicinal plants, Salvadora persica L., Acacia drepanolobium Sjostedt, Acacia gerrardii Benth., Rhamnus staddo A. Rich., and Albizia anthelmintica Brongn. were used to treat human health disorders [15, 27, [30] [31] [32] . Rhamnus staddo A. Rich., used for treatment of both human and livestock disease, was known by a total of 9 children.
In a rural village in northeast Thailand, children's knowledge of wild resources was influenced by the abundance of species and by their taste; those with a sweet taste were better known [37] . It is possible that the species which were not recognized by a majority of the Loita children interviewed in our study were such ones with low abundances, or such ones that were not easy to gather.
The medicinal plants commonly known to children were mostly in the WHO categories [33] of plants used to treat gastrointestinal disorders, respiratory disorders, and musculoskeletal system disorders. Based on the use reports given by parents, digestive system disorders, musculoskeletal system disorders, and respiratory disorders had the highest numbers of use reports. Previous studies conducted in the Loita area reported that digestive system disorders [30] (which is a part of the category of gastrointestinal disorders) and respiratory disorders [31] were the most common health problem among the Loita Maasai. These findings agree with those of a recent study conducted in the town of Krummhübel in the Sudety Mountains (now SW Poland) that reported respiratory system disorders and gastrointestinal disorders to be the common disorders treated with medicinal plants mixed in with other ingredients [38] .
Digestive system disorders are common in children during the early stages of development due to their limited body immunity. Children are highly susceptible to illnesses such as diarrhea, constipation, dysentery [39] , cough, the common cold, among others. The fact that the children commonly experience such illnesses could be the reason why the plants in these two categories were so well known to them. Plants used to treat malaria, blood disorders, and fever had few use reports, possibly because of the complexity of diagnosing health conditions in these categories.
Sources of Medicinal Knowledge, Learning Age, and Methods
Learning of medicinal plants started as early as at an average age of seven years when they had been introduced to knowledge of five medicinal species on average. In Mexico, learning started early during childhood and the children obtained most of their environmental knowledge before the age of 12 years [5, 6] . At the age of nine, Mayan children were able to identify half of the plants known by adults [18] , while in Bolivia, children were able to identify 80% of the palm species at the age of six years [40] . The Loita Maasai children fall within these brackets from around the world.
It is important to know the transmitters of traditional knowledge as they help in the protection and conservation of local cultural and natural resources [41] . In Loita parents, both fathers and mothers were the main source of knowledge, which means that the transmission was mostly vertical. During the early stages of development, the Maasai children spend most of their time with their parents and play around their homesteads. They are able to learn and observe from parents and, in the process, the children acquire local ethnomedicinal plant knowledge. Our observations agree with those found in widely scattered locations such as subarctic Canada, the Orinoco delta in South America, and various localities in Africa [21, [42] [43] [44] . All show that parents are the main transmitters of knowledge. In contrast to our observations, relatives were reported to provide horizontal transmission of food knowledge among Tyrolean migrants in Australia, Brazil, and Peru [45] . Other studies have reported that grandmothers and peers are important oblique transmitters of local environmental knowledge [6, 44] .
Medicinal plant knowledge among the Maasai was taught through use, which allowed children to gain empirical experience. Children were sent to collect medicinal plants, and sometimes they were given the task of preparing the medicine under the watchful eyes of their parents. Similar teaching methods were reported in a rural village in northeastern Thailand, where children joined their parents in the field to collect wild food resources [37] .
Gender, Level of Education, and Age
We found no statistically significant difference in ethnomedicinal knowledge between girls and boys. Unlike other forms of knowledge, such as herding, hunting, and domestic chores, which are transmitted along gender lines in the Maasai community, medicinal plants knowledge appeared to be taught to both boys and girls equally. Similar to our findings, a study of childrens' knowledge in a rural village in northeastern Thailand found that there was no significant difference in knowledge of wild food resources between girls and boys [37] .
The level of education did not influence the ethnomedicinal plant knowledge of the Maasai children, maybe because most children were day scholars and attended local primary and secondary schools in the villages. Schooling in day schools allows for time after school or during weekends to learn about medicinal plants. As they join universities and colleges outside of the village, they have mastered most of the local ethnomedicinal knowledge, suggesting a longer persistence of that knowledge. As a result, external influences may not negatively affect the sustainability of ethnomedicinal knowledge, but other studies of Amerindian children found that the level of education indeed did influence local knowledge [7] . It was argued that people spend a lot of time in formal education and miss the opportunity to learn from their parents.
Children in the village acquired more ethnomedicinal knowledge as they became older. Older children had higher scores compared to the younger ones. The findings could be due to the increased responsibilities given to Maasai children as they grow up. This process may help them acquire more knowledge. In southern China, the number of known wild edible plants also increased with informants' age [41] , and in a study from northern South America, such growth was attributed to natural acquisition of knowledge over time [46] .
Conclusions
Children possess local traditional knowledge of medicinal plants which they acquire early on in life. We found that the Loita children possessed ethnomedicinal knowledge that was introduced to them from when they attained an average age of seven years and parents are the main drivers in knowledge transmission. Based on our findings, the main mode of transmission of ethnomedicinal knowledge was largely through the vertical pathway and, to some extent, through oblique mechanisms, with very few children reporting to have acquired the knowledge through horizontal transmission. The children's ethnomedicinal knowledge of the local plants could have been influenced to some extent by the availability of the species around the village.
Medicinal plant knowledge among the Loita Maasai children was not transmitted along gender lines. Boys and girls were given the same knowledge about medicinal plants. Non-gender related knowledge is different from gender skills such as herding, which is mainly taught by fathers to sons, and household chores, which are taught by mothers to daughters. We can therefore reject our hypotheses that gender influences the Maasai children's knowledge of medicinal plants. However, the hypothesis that age influences the knowledge could not be rejected. Age was found to have a significant influence on ethnomedicinal knowledge. Despite the high enrolment of Maasai children into formal education, as compared to a few decades ago, the level of education did not affect ethnomedicinal knowledge.
We suggest that more research should be conducted to test medicinal knowledge of the children who are educated far away from the villages to determine whether being away from their natural environment has an impact on their knowledge.
We noted that no single species was known by all the children interviewed. We therefore suggest that further research should be conducted to understand the reason for this knowledge gap. Additional research should be conducted to document ethnoveterinary medicinal plants knowledge of the Maasai children and to establish which of the two domains of knowledge (ethnoveterinary plants or plants used for human remedies) is taught first.
This study identifies and documents medicinal plants known by the Loita Maasai children. It provides a deeper understanding of the acquisition of ethnomedicinal knowledge by the Maasai children and the factors that influence the knowledge. It also shows that the process of transmitting knowledge to the children is mostly vertical and appears sustainable.
Diseases such as pneumonia and diarrhea affect children worldwide. Traditional medicine has contributed to the discovery of life-saving drugs. The knowledge of local plants with medicinal values can contribute to global therapies, which can be used in the treatment of child-related illnesses, hence, reduction of child mortality, especially for the under-five years of age.
The potential of new drug discoveries may be beneficial in managing some of the common diseases affecting populations around the world, hence aid in the achievement of UN sustainable development goal number 3, that seeks to achieve good health and well-being.
This study may contribute to the protection, conservation, and sustainability of knowledge handed down culturally through familial lines. 
